Abstract-The Institut Cartogràfic de Catalunya (ICC) operates a Digital Metric Camera (DMC), manufactured by Z/Imaging. It supports the simultaneous capture of panchromatic, RGB colour and near-infrared images. One of the most important ICC products is the Catalonia orthophotomap series. This product is intended to depict the territory as realistically as possible. With this aim, ICC is developing a project to obtain genuine colours in the photographic products produced with the DMC camera and this paper contains some preliminary results. Since an absolute radiometric calibration of the DMC is not available yet, this is accomplished through simultaneous images acquired with both DMC and a Compact Airborne Spectral Imager (CASI) also operated by ICC. These images are used to locate common areas imaged in similar geometrical conditions, and then a linear relationship between Digital Numbers (DN) from DMC and radiance values of a CASI image emulating DMC bands is calculated. To improve the colour of the DMC products, a colorimetric calibration based on polynomial transformations has been developed. This transformation allows changing from DMC-RGB space to a sRGB space that is based on CIE-XYZ colour space. Airborne ICC-CASI images acquired with a Cessna Caravan B20 over Banyoles (Spain) in 2005 were used to test the methodology. The comparison between the training colours and the ones obtained after colorimetric calibration yield differences in 8bit DN that range from 4 to 36 DN with a mean value of 12 DN. The effect was also visually analyzed on different subsets of images that include agriculture areas, urban landscape and a natural water layer. Finally, it was found that the application of both calibrations to the DMC images results in a consistent colour combinations for all the analyzed subsets.
INTRODUCTION
In 2004 the Institut Cartogràfic de Catalunya (ICC) acquired its first digital Z/I Digital Metric Camera (DMC). The DMC camera simultaneously captures a high resolution panchromatic image of 13,824 x 7,680 pixels and four multispectral images (red, green, blue and near infrared) of 3,072 x 2,048 pixels. The high resolution image is formed from the images acquired with four inclined panchromatic high resolution camera heads with a focal length of 120 mm. The lower resolution multi-spectral images in the colour bands red, green, blue and near-infrared are acquired by four additional nadir looking camera heads with a focal length of 25mm. The DMC Field of View (FoV) or swath angle is 69.3º across strip and 42º along strip [1, 3] .
Despite the high radiometric performance of the camera, the Z/I DMC calibration report does not allow to obtain absolutely calibrated physical measurements in radiance units. Besides, the colours of the multi-spectral images do not match the real colours due to the different sensitivity of the DMC versus the Human Visual System (HVS) [4] .
The ICC has started a project to obtain realistic colours in the photographic products produced with the DMC camera, based on physical models and hypothesis that improve empirical radiometric normalizations of the images. The project is structured as a two-step procedure:
-Spectral calibration of the DMC visible bands. This will allow inferring absolute radiometric values from DMC data.
-Colorimetric calibration to a CIE-based standard colour space. This will help to obtain more natural colours from DMC.
The ICC owns and operates Compact Airborne Spectrographic Imager (CASI) manufactured by Itres Inc. [5] . The ICC-CASI configuration is a CASI 550 system (Table I) synchronized with an Inertial Navigation System (INS) and a Differential Global Positioning System (DGPS). The integrated assembly is designed to convert the sensor imagery captured by the CASI into true ortho-images, useful for cartographic purposes [6] .
The CASI system is periodically recalibrated at laboratory. Spectral calibration of the DMC can be obtained from images taken both with DMC and CASI simultaneously operating from the same aircraft. The colorimetric description of a colour is not an easy mission. We see colours because objects reflect a fraction of the light that comes to them. So, colours depend on the object, the source of light and even the colour of the environment of the object. These facts are the field of study of the colorimetric science. The Commission Internationale de L'Eclairage (CIE) was created to standardize these issues [7, 8] .
The trichromatic theory of colour vision is based on the premise that there are three classes of cone receptors involved in colour vision and dates back to the 18 th century. One important empirical aspect of this theory is that it is possible to match all of the colours in the visible spectrum by an appropriate mixing of three primary colours. In 1931 the CIE proposed a basic space for the HVS known as CIE-XYZ [9] with positive colour matching functions ( Figure 1 ). From this space it is possible to reach all the other colour spaces such as RGB, Lab, etc. by means of some simple algebra. DMC output constitutes a particular RGB space. In order to transfer its colour space to a camera independent space as XYZ there are two main approximations. The first one is the integral method [10] and the second one is the mathematic method [11] [12] [13] . Both methodologies are fed by ancillary radiometric data. As this paper is just a demonstrator of the DMC colorimetric capabilities and for the shake of simplicity, only the mathematic method will be applied.
In the following sections we first make a description of the proposed algorithms. Then, we perform the radiometric and colorimetric calibrations using sample images obtained during a test flight over Banyoles (Spain). The results will be shown for several sub-scenes that include water layers, vegetated and crop regions and urban areas.
II. METHODOLOGY

A. DMC radiometric calibration
As an absolute radiometric calibration of the DMC is not available from the manufacturer, this relationship will be obtained from simultaneous images incoming from both DMC and CASI sensors. This is possible due to the fact that the acquisition geometry, atmospheric effects and illumination geometry of the targets are the approximately equivalent for areas imaged simultaneously. Besides, the spectral resolution of CASI is high enough to reproduce DMC-like channels by adding calibrated CASI hyper-spectral bands. In order to verify the previous hypothesis and because of the different FoV of DMC and CASI, only the central area of the DMC scene were used. Besides, DMC pixels were aggregated to fit the coarse CASI spatial resolution. Then a median floating window filter was applied to both CASI and DMC imagery to avoid misregistration and other sources of noise. Finally, a linear relationship between Digital Numbers (DN) from DMC and radiance values of a CASI image emulating DMC bands (Equation 1) is derived.
B. DMC colorimetric calibration
The mathematic approximation of the colorimetric calibration involves finding a mathematical expression that allows the change from a given colour space to another one (Equation 2).
This expression is calculated from a set of training colour measurements or values obtained from those measurements. In this paper, the training colours proposed are the GretagMacbeth ColorChecker chart (Figure 2 ). The ColorChecker chart consists of 24 colour patches chosen to represent common natural colours such as human skin colours, foliage, and sky, in addition to additive and subtractive primaries, and a six-step grey scale [14] [15] .
Spectral values for each patch are available [16] . These values have been used to compute DMC-RGB and sRGB values based on CIE-XYZ space. The sRGB colour space is proposed in this work because it is widely used nowadays, but any other RGB colour space is suitable for the proposed methodology.
These spectral data have been used to compute DMC-RGB and sRGB values based on CIE-XYZ space using the Equation 3 and a gamma of γ=2. Finally the proposed mathematical relationship described in Equation 2 was selected as three polynomial expressions that describe Equation 3, one for each sRGB band.
The polynomial degree and mixed terms are the consequence of the differences between DMC spectral sensibility [4] and XYZ sensibility (Figure 1 ) that corresponds to the psychophysical sensibility of the HVS.
III. DATA SET AND RESULTS Airborne ICC-CASI and DMC images (Table II) were acquired on June 29th, 2005 with a Cessna Caravan B20, between 10-11 am. The area selected to be imaged was Banyoles (Spain). The CASI images were calibrated with laboratory coefficients to radiance units and orthorectified with DGPS and INS data, using a nearest neighbour procedure. The DMC image set was aero-triangulated and orthorectified with a nearest neighbour procedure. The images were pre-processed as described on the methodology section and afterwards a radiometric calibration was performed through a linear regression of equation 1 for each band and image. All the r 2 values obtained were greater than 0.9. Table III shows the radiometric calibration coefficients obtained for the images described in Table II.   TABLE III. RADIOMETRIC Figure 3 shows the result of the application of the radiometric calibration on raw DMC RGB images to obtain DMC RGB reflectance values. Figure 3 .b.1 has some building roofs on magenta shades. This is because the raw DMC green DN on those areas were over 90% of the range, where the sensor seems to lose linearity. Then the colorimetric calibration was performed by a linear regression of Equation 4 for RGB bands. The data used to obtain the regression coefficients were obtained from the GretagMacbeth ColorChecker spectra. Table IV shows the results of the calculations done for the colorimetric calibration. As it can be observed the σ values are large, because of the few data used to do the linear regressions.
The comparison of the training colours with the ones obtained after colorimetric calibration yields differences in 8bit DN that range from 4 to 36 DN with a mean value of 12 DN. Figure 4 shows the result of the application of the colorimetric calibration on DMC RGB images after radiometric calibration. As the figure illustrates, the vegetation covers, crops, urban areas and water layers improve the hues to more natural ones.
CONCLUSIONS
In this paper a methodology for absolute radiometric calibration for DMC camera by using simultaneous CASI imagery has been proposed. Besides, a mathematical colorimetric calibration has been proposed and calculated by means of the ColorChecker spectrums. The radiometric calibration was successfully computed and the colorimetric calibration yield differences in 8bit DN ranging from 4 to 36 DN and a mean difference of 12 DN for the training colours. Finally, it was found that the application of both calibrations to DMC imagery results in correct colour combinations for all the analyzed subsets. These results indicate that DMC cameras are suitable to be used as a calibrated sensor and that DMC is able to produce imagery with realistic colours.
